BACKGROunD: The use of central venous catheters has permitted lifesaving treatment for critically ill neonates; however, the attributable mortality rate for central line-associated bloodstream infections (CLABSIs) has been estimated to be between 4% and 20%. In 2006/2007, the authors' neonatal intensive care unit (NICU) had a CLABSI rate that was nearly twofold higher than that reported by other Canadian NICUs. OBJeCTIVe: To implement a quality improvement collaborative to reduce the incidence of neonatal CLABSI. COnCluSIOn: A multidisciplinary evidence-based quality improvement collaborative resulted in a significant reduction in the CLABSI rate. Continuous quality improvement measures are required to reduce catheter-related bloodstream infections among low-birth-weight infants.
COnCluSIOn : Une collaboration multidisciplinaire visant l'amélioration de la qualité fondée sur des données probantes a réduit considérablement les ISACC. Des mesures continues d'amélioration de la qualité s'imposent pour réduire les infections sanguines associées au cathéter chez les nourrissons de petit poids à la naissance.
T he use of central venous catheters (CVCs) has permitted life-saving treatment for critically ill neonates. However, central line-associated bloodstream infections (CLABSIs) are associated with significant morbidity and mortality (1) . The rates of reported attributable mortality in neonates caused by bloodstream infections (BSIs) vary from 11% to 24% (2, 3) . In short-term and longitudinal studies, correlations were found among sepsis, poor growth and adverse neurodevelopmental outcome at two years of age (2, 4) . Several studies have reported experiences in implementing evidence-based central line bundles to reduce CLABSI rates in the intensive care settings (1, 3, (5) (6) (7) . An updated guideline for the prevention of intravascular catheter-related infections was published by the Centers for Disease Control and Prevention (Georgia, USA) in 2011 (8) .
In 2006/2007, the CLABSI rate of 11.8 per 1000 central catheter days in the neonatal intensive care unit (NICU) at BC Women's oRiginAl ARticle
Hospital & Health Centre (Vancouver, British Columbia) was higher than that reported by other Canadian NICUs (9) . The central line insertion practices were thoroughly revised and a quality improvement collaborative was implemented. The initial objective of the present quality assurance project was to reduce line-related sepsis according to the Centers for Disease Control and Prevention CLABSI definition (before 2008) in NICUs by 50% within a period of one year (10) .
The present retrospective study sought to determine whether the implementation of a pre-and postinsertion care bundle reduced the CLABSI rate. We hypothesized that, following the systemic intervention, which included staff education, implementation of evidencebased bundles for central-line insertion, access and maintenance, and timely feedback on CLABSI occurrence, a significant reduction in CLABSI would be achieved.
MeTHODS

Study population and setting
The present study was conducted at the NICU at BC Women's Hospital & Health Centre, a quaternary care institution in Western Canada. The NICU contains 60 beds and serves a population of four million inhabitants of both British Columbia and the Yukon Territory. CLABSI rates in neonates admitted from August 2007 to March 2011, inclusive, were compared. The entire study period was divided into four periods to evaluate the secular trends.
Definition of ClABSI
CLABSI was defined using the Canadian Nosocomial Infection Surveillance Program or National Healthcare Safety Network definition (11, 12) . A CLABSI was defined as the following:
• recovery of a recognized pathogen from one or more blood cultures, and the organism cultured from blood not related to an infection at another site; or • the presence of at least one of the following:
○ fever (core temperature >38°C), hypothermia (core temperature <36°C), apnea or bradycardia; ○ signs, symptoms and positive laboratory results not related to an infection at another site; ○ common skin commensal bacteria (ie, diphtheroids, Bacillus species, Propionibacterium species, coagulase-negative staphylococci, viridans group streptococci, Micrococcus species) recovered from ≥1 blood culture; and ○ appropriate antimicrobial therapy instituted by physician. The presence of a central line was required at the time of infection or within the 48 h period before the development of the infection. Central lines used in the authors' NICU include: umbilical catheters, peripherally inserted central catheters (PICCs) and, infrequently, cuffed and short-term noncuffed catheters.
Assessing the problem and design of interventions
A prospective six-month cohort with a nested case-control study was conducted by the Public Health Agency of Canada to determine the rate of and risk factors associated with CLABSIs in Canadian intensive care units. The CLABSI rate of 11.8 per 1000 central catheter days in the authors' NICU was higher than the national rate of 6.8 per 1000 catheter days (9) . A 'No-Bugs Project' committee, aiming at reducing the CLABSI rate, was assembled in the hospital in June 2007. Members included representatives from the health care team with expertise in different aspects of CVC-related practice (ie, neonatal physicians and nurses, practitioners from the hospital Infection Control Department [ICD] and the program Quality and Safety Committee). A nurse educator was appointed to coordinate surveillance and practice changes. The ICD of the hospital conducted regular surveillance of CLABSI and summarized the results on a monthly basis. The number of positive blood cultures per 1000 catheter days and line utilization rates were determined. Medical literature was identified, reviewed and disseminated to the committee. The literature was assessed for methodological quality and applicability to the authors' unit. A comprehensive catheterrelated BSI prevention initiative was then developed. The bundle of measures, implemented in a stepwise manner beginning in August 2007, included staff education, standardization of the skin preparation protocol, introduction of new antiseptic agents, implementation of central catheter insertion and maintenance checklists, reinforcement of the use of maximal sterile barrier precautions, and revision of central venous line configuration and maintenance. The entire scheme was implemented through 10 Plan-Do-Study-Act (PDSA) cycles.
PDSA cycles Cycle 1 -Surveillance of current practices: An observational survey of catheter insertion and maintenance was performed to understand the existing practices and identify problems (Appendixes 1A and 1B). Surveys of compliance with the use of proper hand-washing technique, antiseptic soap, maximal barrier (long-sleeved, sterile surgical gown, sterile gloves, mask and large sterile drape), skin antisepsis and maintenance of aseptic technique during catheter insertion were conducted. The following parameters were also recorded: the method of securing the catheter (suture versus tape) before radiographic confirmation of line position; compliance with aseptic technique when attaching fluid or infusion lines to the catheter hub; the unnecessary addition of ports to the infusion system; the application of transparent dressing in an aseptic manner; and whether the cleaning, insertion and connection of intravenous tubings were performed in accordance with existing standards of practice. Cycle 2 -enhancement of awareness among nICu staff: Posters, e-mail notices, and one-on-one and small-group information sessions were used to enhance the awareness of CLABSI rates in the unit. The No Bugs Project committee members met weekly to address current issues, to answer questions from staff and to enhance two-way communication. Cycle 3 -Revision of skin preparation protocol: The skin preparation protocol was standardized per recommendations from the ICD: a solution of 2% chlorhexidine with 4% isopropyl alcohol (Dexidin, Laboratoire Atlas Inc, Canada) to be applied to the skin around the insertion site, left for 30 s and allowed to air dry for an additional 60 s, in accordance with published recommendations (13, 14) . Infants weighing <1000 g also had normal saline applied for skin cleansing after application of Dexidin to prevent skin injury caused by the antiseptic solution (15) . Cycle 4 -Practice change for cleaning intravenous tubings, ports and medication vials: For central-line dressing changes (eg, tubing, ports, medication vials) and skin antisepsis for heel lancing, 70% isopropyl alcohol swabs were replaced with swabs impregnated with 2% chlorhexidine gluconate and 70% isopropyl alcohol (16) . Cycle 5 -Checklist for central-line insertion: To improve the awareness of infection control and to reduce central-line infections, a central-line insertion checklist was created. Both small-group and one-on-one teaching sessions were used to implement the checklist. An audit was to be completed by the bedside nurse at each insertion to document adherence to the central-line insertion bundle (Appendix 2). Cycle 6 -Central-line insertion cart checklist: The central-line cart contains 'adequate' but 'not excessive' supplies essential for the operator to comply with the best infection control practices. A checklist was created after repeated consultations with the staff (Appendix 3). The central catheter and umbilical line carts were reviewed and revised. Cycle 7 -enhancement of maximal barrier precaution (mask): Boxes of appropriate surgical masks were made readily available at the unit sites for central catheter insertion. Cycle 8 -Trial of surgical disposable scalpel: Surgical disposable blades were introduced to reduce the risk of injury. Cycle 9 -Central venous line configuration and maintenance: Surveillance and education sessions were introduced to ensure 100% compliance with the standard line configuration and line maintenance schedule including: change of smart site cap every six days, when dislodged or when visibly contaminated in cases of suspected catheterrelated sepsis; and change of T-connector every 72 h, when dislodged, when visibly contaminated or within 24 h of blood product transfusion. Cycle 10 -Hand hygiene: Hand washing is the most important procedure to prevent the spread of infection (17, 18) . Notices were posted at the entrance of the NICU to remind all visitors of the importance of the initial scrub for the day (removal of rings, bracelets and watch, keeping sleeves above elbows, and application of chlorhexidine gluconate 2% to thoroughly wash hands and arms). Neutral soap, antimicrobial soaps (chlorhexidine gluconate) and alcohol-based hand scrubs were made readily available in the unit. Hand-hygiene surveillance was not only targeted toward physicians and nurses, but also toward other health care providers such as physiotherapists, radiology technicians and ward clerks. Regular teaching and audit sessions were conducted to enhance the practice. Compliance with hand hygiene was announced regularly (eg, on notice boards) to enhance the awareness among staff.
PDSA cycles 1 to 9 were implemented over a seven-month period. Hand hygiene surveillance and auditing were conducted on an ongoing basis.
Statistical analysis SPSS version 19.0 (IBM Corporation, USA) was used for statistical analysis. A Kruskal-Wallis one-way ANOVA was used to compare the medians of birth weight, gestational age and the onset of infection in each of the four time periods, and the CLABSI rates across the entire study period. ANOVA was used to compare the total catheter days in each period. Linear regression was used to demonstrate the trend of change in infection per 1000 catheter days over the study period.
ReSulTS
During the entire study period, there was no major change in the practice of central catheter insertion and removal, and the total catheter days remained steady at approximately 4000 to 4500 days per period (P=0.580).
In the observational survey for catheter insertion and maintenance in PDSA cycle 1, proper hand washing, the use of maximal barrier and maintenance of aseptic technique were found to be achieved in all cases. However, in more than one-half of cases, inadequate time was permitted for both cleaning and drying after the application of chlorhexidine to the skin.
Monthly CLABSI rates decreased over the course of the study (Figure 1) . The median CLABSI rate of 7.9 per 1000 catheter days at the beginning of the study ( (Table 1) .
DISCuSSIOn
CLABSI is a clinical definition used when diagnosing and treating patients with the support of specific laboratory testing. It is often difficult, if not extremely challenging, to precisely establish whether a BSI is catheter related because of the limited availability and difficulties in implementing microbiological methods in the neonatal setting (8) .
Our findings demonstrate a significant reduction in CLABSI rate, decreasing from 7.9 per 1000 catheter days in late 2007 to 2.2 per 1000 catheter days in early 2011 after implementation of a central catheter care bundle despite no major changes in central catheter use. Although the approaches to individual aspects of central-catheter management may be efficacious, the greatest success has been reported with the use of the catheter care bundle (7) . The strength of the project is that, with the application of PDSA cycles developed by a multidisciplinary task force, and implementation of bundles using small-group and one-on-one teaching sessions, a highly desirable result can be achieved.
Different studies have shown that surveillance of existing data, conducting education sessions and periodic assessment of knowledge and adherence to guidelines for all personnel involved in the insertion and maintenance of central catheters are essential to an effective prevention program targeted at the elimination of CLABSIs (19) (20) (21) (22) . In our bundle, we emphasized the basic NICU precautions, including proper hand hygiene, aseptic technique and the use of maximal sterile barrier precautions, that the literature has shown to be the essential elements in reducing CLABSIs (23) (24) (25) . The chlorhexidine gluconate/alcohol preparation that we chose as a skin antisepsic has also been shown to result in lower rates of catheter colonization or CLABSI, and has been found to be cost effective (26) (27) (28) . We adopted the policy of immediately wiping away the excess chlorhexidine with normal saline to minimize the exposure of delicate and immature skin of extreme premature infants (≤28 weeks' gestation) to the antiseptic solution to avoid chemical burns (29) . Iodine-containing products were avoided because of the potential adverse effects on the neonatal thyroid (30) . The postinsertion care bundle may also have played an important role in the reduction of CLABSIs. We standardized and reinforced the application of antiseptic swabs impregnated with 2% chlorhexidine gluconate and 70% isopropyl alcohol to decontaminate the injection port or central catheter hub before and after accessing the system (6,31-33). 
Figure 1) Monthly central line-associated bloodstream infection rates across the study period. Aug August; Jul July; Jun June; Mar March
PDSA cycles have been promoted as effective tools for managing practice adoption and establishing habits for improving practice standards (34) (35) (36) . Timely audits and feedback are essential to define objectives and measure progress (37), and we believe that our smallgroup and one-on-one teaching sessions are valuable tools to achieve this and to ensure good outcomes. Such close interactions between our team and the other NICU staff enabled us to establish trust and improve the newly implemented practices in a timely manner.
We found that the median weight and gestational age of neonates with CLABSI decreased over time. This finding is most likely explained by the fact that those belonging to the extremely premature (≤28 weeks) or extremely low-birth-weight (≤1000 g) groups were most vulnerable to infections due to their immature skin, immunocompromised state and the need for a longer period of parenteral nutrition.
COnCluSIOn
A multidisciplinary evidence-based quality improvement collaborative resulted in a significant reduction in CLABSI rate. Continuous quality improvement measures are needed in reducing catheter-related BSIs among extremely low-birth-weight infants.
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